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What comes around goes around: Protein import and quality control in mitochondria
and plastidsFour decades have passed now since the pioneering discovery by
Blobel and colleagues that protein translocation across the endoplas-
mic reticulum membrane depends on signal sequences. In the mean-
time even the studies on the protein translocation machineries of
mitochondria and plastids, the two endosymbiotic organelles of bac-
terial origin, have come of age. But is everything known by now?
Indeed, many fundamental principles of protein translocation have
been established over the years, mainly based on studies with a hand-
ful of model proteins as substrates: signal sequences are bound by
receptors on organellar surfaces, integral membrane protein com-
plexes form protein-conducting channels and ATP-driven motor
devices or electrical ﬁelds across membranes generate driving forces
on the proteins en route to achieve unidirectionality of transport. In
the last 20 years more than 50 different factors have been found to
be involved in the translocation of proteins across the membranes
of mitochondria and plastids. Today, it is generally accepted that
these processes are of crucial importance for life, because both organ-
elles play key roles in energy metabolism, multiple biosynthetic path-
ways and even cell fate decisions, like apoptosis. Remarkably, in the
course of evolution the synthesis of almost the entire protein invento-
ry of mitochondria and plastids has been transferred into the cytosol.
As a consequence, there are now thousands of very different proteins
required for organellar functionality that have to be speciﬁcally rec-
ognized and transported into or across intracellular membranes to
reach their ﬁnal destination. However, still a signiﬁcant and essential
portion of the protein content of mitochondria and plastids is
encoded by the residual organellar genomes, which means that in
addition to pathways for protein import from the cytosol, machiner-
ies for the export and membrane insertion of proteins from within
the organelles are needed. With this logistically challenging situation
in mind, it does not come as a surprise that the protein translocation
systems of mitochondria and plastids are manifold and highly
diverse.
Yet another level of complexity is added to these considerations
by the fact that a protein that has arrived in its resident compartment
generally needs additional help to acquire its native functional state.
A whole network of chaperones and chaperone-like systems has
emerged that folds organellar proteins into their native conforma-
tions and assists their assembly into large protein complexes. And
ﬁnally, what happens if something goes wrong, either with organellar
protein biogenesis or another key function of mitochondria or plastids?
Then there are two things to be done: clean up themess and sendmes-
sages to the headquarters that call attention to the problem. Or in other
words: proteolytic machineries degrade terminally misfolded or aggre-
gated organellar proteins and sophisticated signaling pathways,most of0167-4889/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.bbamcr.2012.11.002which are still poorly understood, channel information on the status of
the organelles to the nucleus. Ideally, the overall outcomeof these adap-
tive retrograde responses to different stress conditions is an improved
coordination of organellar activities with the physiological state of the
entire cell.
Taken together, a remarkably large number of fundamental cell
biological and biochemical principles are found exempliﬁed in the
processes of intracellular protein sorting and quality control. Many
exciting new discoveries have clearly shown that neither the hunt
for the entire set of involved components nor the debates on the
molecular modes of translocation and folding have come to an end.
One aim of this special issue on protein import and quality control
in mitochondria and plastids is to provide an overview of the current
state of knowledge on these multidimensional systems. But this issue
goes beyond the pure description of unifying principles of protein
sorting; the universal validity of some of them is also put to question.
For decades, cytosolic chaperones have been viewed as protagonists
in the delivery of proteins to organellar surfaces, but recently they
have been described to act in a rather antagonistic fashion on protein
stability and the re-routing of proteins as well. This is only one exam-
ple for the novel ways of thinking about protein targeting and trans-
port systems, which likely involve additional mechanisms and
signals, some of them even encoded in the mRNAs of organellar pro-
teins. One special case, for which such high complexity of sorting
modes now becomes recognized, is the issue of dual-targeted pro-
teins that are shared between different compartments. Variations on
the endosymbiotic theme have led to the reduction of protein import
machineries in some organisms, but to the development of complex
plastids, in which proteins have to cross more than two membranes
to reach their destined compartment, in other species. These phe-
nomena are likely only the tip of an iceberg of diversity that waits
to be discovered among the protein translocation machineries select-
ed by evolution.
Last but not least, the reviews of this issue highlight that a new area
of studies on protein sorting has just begun, in which two major issues
from apparently opposite ends of this research ﬁeld gain the center
stage. On the one hand every effort will have to be made to obtain
detailed structural information on the different protein translocation
devices and cooperating machineries to better understand their mech-
anism of action. Not only X-ray crystallography, but also single particle
analysis and electron tomography will contribute to ﬁll this gap of
knowledge. On the other hand questions regarding the integration of
protein transport and quality control into the physiological context of
the cell will have to be addressed. Currently, we are only beginning to
understand how metabolic and developmental cues regulate the
244 Editoriactivities of translocation machineries in space and time. Moreover, as
the functional protein content of an organelle does not only depend
on protein import, but also on intraorganellar pathways that monitor
and coordinate protein complex assembly and turnover, similar ques-
tions on communication and regulationwill have to be asked about pro-
tein folding and degradation machineries. We are convinced that the
observed organellar plasticitywill turn out to be a result ofmutual feed-
back loops and large-scale regulatory circuits that tightly regulate the
organellar proteome and have deeply integrated the former endosym-
bionts into virtually every aspect of eukaryotic cellular activities. We
are curious to learn more about the cross-species variations of these
exciting mechanisms.
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